Background: Sub-Saharan African (SSA) countries are currently experiencing one of the most rapid epidemiological transitions characterized by increasing urbanization and changing lifestyle factors. This has resulted in an increase in the incidence of non-communicable diseases, especially cardiovascular disease (CVD). This double burden of communicable and chronic non-communicable diseases has long-term public health impact as it undermines healthcare systems.
Introduction
Epidemiologic transition is associated with development and involves the process by which the pattern of mortality and disease shift. It is often characterized by a shift in communicable diseases and nutritional deficiencies to chronic diseases (non-communicable diseases (NCDs)). For example, a transformation from high infant and child mortality, episodic famine, and pre-transitional diseases related to infections to one of degenerative and chronic diseases (post-transitional diseases such as those attributed to diet, sedentary lifestyle, medical access, smoking and other behaviors i.e. cardiovascular disease (CVD), cancer, chronic lung disease and diabetes) [1] [2] [3] [4] . According to World Health Organization (WHO) estimates, about 60% of deaths in the world are now caused by noncommunicable diseases (WHO, 2002) . In 2005, an estimated 17.5 million people died of CVD representing 30% of all global deaths of which 80% were from low-and middle-income countries (WHO, 2007) . By 2020, studies indicate that mortality by CVD is expected to increase by 120% for women and 137% for men [5] . These findings highlight the need to explore the nature and magnitude of CVDs and other non-communicable diseases in developing countries.
Sub-Saharan Africa (SSA), consisting of those countries that are fully or partially located south of the Sahara Desert, are currently experiencing one of the most rapid epidemiological transitions characterized by increasing urbanization and changing lifestyle factors [6] , which in turn have raised the incidence of NCDs, especially CVD [7] . Studies indicate that urbanization and economic development have also led to the emergence of a nutritional transition characterized by a shift to a higher caloric content diet and/or reduction of physical activity [4] . Together, these transitions create enormous public health challenges, and failure to address the problem may impose significant burden for the health sector and the economy of sub-Saharan African countries [8] In countries such as Nigeria, Ghana and South Africa, the prevalence of chronic diseases is increasing, while the threat of communicable and poverty-related diseases (malaria, infant mortality, cholera, malnutrition) still exists [5, 7, 9, 10] . In South Africa, CVD is the second leading cause of death after HIV accounting for up to 40% of deaths among adults [11] .
This double burden of communicable and chronic NCDs has long-term public health impact as it undermines healthcare systems [5] . Sub-Saharan African countries, similar to most developing countries, often do not have the public health infrastructure and finances to address both communicable and poverty-related illness and behavior/chronic related illnesses [5] . In addition, there is reluctance on the part of health funding agencies and policy makers to divert scarce resources away from communicable diseases into other areas of disease burden, such as NCDs [9, 12] . However throughout SSA, NCDs such as CVD are anticipated to soon eclipse communicable and poverty-related diseases as the leading cause of mortality and disability [13, 14] . Also, evidence suggests that the increasing burden of chronic diseases has grave consequences because very few people will seek treatment, leading to high morbidity and mortality rates from potentially preventable diseases [15] .
Globally, including SSA, certain risk factors have been found to account for up to 90%, of myocardial infarctions and other poor CVD outcomes such as stroke. These risk factors include smoking, alcohol consumption, obesity, diet, low physical activity, psychosocial factors, diabetes, hypertension and high lipid levels. [16] .
The purpose of this paper is to explore the socio-cultural context of CVD risk prevention and treatment in SSA. We discuss risk factors specific to the sub-Saharan African context, including poverty, urbanization, developing healthcare systems, traditional healing, lifestyle and socio-cultural factors. We then present an African-centered cultural model which can be employed as an organizing framework and problem solving tool for culturally relevant interventions and programs to reduce CVD risk in SSA.
Methods
Articles used in this overview consist of scholarly papers published between 1960 and May 2009. We conducted a search on African Journals On-Line, Medline, PubMed, and PsycINFO databases using combinations of the key country/geographic terms, disease and risk factor specific terms such as "diabetes and Congo" and "hypertension and Nigeria" (see table 1 ). Research articles on clinical trials were excluded from this overview. Contrarily, articles that reported prevalence and incidence data on CVD risk and/or articles that report on CVD risk-related beliefs and behaviors were included. Both qualitative and quantitative articles were included. In total, 350 articles were retrieved. However, only 126 articles met the inclusion criteria and were discussed in this overview. Also, when relevant, the definition/criteria for the CVD risk factor discussed is included in the section.
Conditions and Risk Factors
Although the focus of this discussion is on socio-cultural aspects of CVD risk, we set the stage by providing information on the burden of common and well researched clinical risk factors in SSA, specifically hypertension, diabetes and dyslipidemia.
Clinical Risk Factors for CVD
According to findings from the INTERHEART study, a large global level case-control with over 29,000 cases and controls, that examined cardiovascular risk and related outcomes across continents, hypertension, diabetes and abnormal lipids are related to poor CVD outcomes; including myocardial infarction (MI) and stroke worldwide and in Africa [16] .
Hypertension Hypertension, once rare in West Africa, is emerging as a serious endemic threat. Hypertension has been referred to as a "silent killer" [17] [18] [19] as it often has no early detectable symptoms however it is a major cause of serious health conditions, including heart disease, stroke and renal disease [15, 20] . Hypertension has been identified as a major risk factor for CVD, which has emerged as an important medical and public health issue in SSA despite the ravage being perpetuated by HIV, tuberculosis, and malaria [21] [22] [23] [24] [25] . Studies from various countries in SSA identify hypertension as a disease burden that requires concerted preventive and control efforts. Hypertension is defined in existing studies using either WHO criteria of blood pressure (BP) ≥ 160/95 mmHg or the JNC 7 (Joint National Committee on Prevention, Evaluation, and Treatment report) criteria of blood pressure ≥ 140/90 mmHg or self-reported antihypertensive medication use [22] .
Prevalence rates for hypertension vary across and within regions in SSA. An analysis of all national data in Zimbabwe in the 1990s found that between 1990 and 1997, the national crude prevalence of hypertension increased from 1% to 4% [26] . Adedoyin and colleagues (2008) [27] found that in a semi-urban community sample of 2,097 adults, 36.6% had a BP of greater than or equal to 140/90 mmHg. A study in the Niger Delta region found the prevalence of hypertension to be 16% and 12% for males and females respectively [28] . A study in an urban area of Nigeria in the 1990s found that among more than 10,000 adults, the crude prevalence of hypertension (blood pressure > 160/95 mm Hg) was 12.4 percent with an ageadjusted rate of 7.4 percent [29] . In a prospective study conducted in rural Nigeria, the prevalence of hypertension was determined to be 7% [30] .
The impact of migration from rural to urban areas was demonstrated in a longitudinal study in Kenya, in which moving from a rural to urban setting produced significant increases in BP within a short time [31] . Growing migration from rural areas to urban areas also suggest worsening prevalence of hypertension as migrants adopt lifestyle changes in physical activity, dietary habits, and stress level. Regardless of gender or type of community, advancing age is associated with an increased prevalence of hypertension [22, 32] , and this implies greater burden of hypertension as population aging occurs in SSA.
Diabetes mellitus
Diabetes was regarded as a rare disease in SSA prior to the 1990s [33] . Since the 1990s, demographic and epidemiological transitions, as well as urbanization, have rendered diabetes as one of the NCD burdens in SSA. Currently, there are 10.4 million individuals with diabetes in SSA, representing 4.2% of the global population with diabetes [34] . By 2025, it is estimated that this figure will increase by 80% to reach 18.7 million in this region, with a higher prevalence in the urban areas [14, 34] . Studies indicate that an aging population, coupled with rapid urbanization, is expected to lead to the increasing prevalence of diabetes in SSA [14] .
As in other parts of the world, Type 2 diabetes is more prevalent than type 1 diabetes in SSA [35] . We focus on type 2 diabetes. Studies presented define diabetes either by physician diagnosis, in-situ capillary whole blood glycemia test, or in some cases by urine or self-report. Studies listed were conducted after the WHO diabetes criteria were implemented in 1980 (modified in 1985) [36] .
According to International Diabetes Federation (IDF), the current estimated prevalence rate of type 2 diabetes in Africa is about 2.8%. Countries such as Malawi and Ethiopia have rates under 2%, whereas Ghana, Sudan and Disease/Risk Factor Specific Cardiovascular disease/heart disease/heart failure, illness perceptions, stroke, hypertension/high blood pressure, salt intake, diabetes, glucose intolerance, dyslipidemia/cholesterol, smoking/tobacco and alcohol/drinking obesity/ overweight/body size, physical (in)activity/exercise, diet/nutrition/food/hunger/and stress/mental health/ urbanization, access to care, healthcare, culture traditional healer.
South Africa have prevalence rates over 3% [37] . Regarding urban areas, the crude prevalence of type 2 diabetes ranges from 1.3% in Sudan to 6.3% in Cameroon. [38] [39] [40] .
Consistent rural-urban disparities in the prevalence of type 2 diabetes have been noted in SSA with urban areas recording higher rates [33, 37, 41] . The crude prevalence rate of type 2 diabetes in rural communities has been found as low as <1% in rural Cameroon in 1997, 4.0% in rural Guinea in 2007 to 4.8% in rural South Africa [39, [42] [43] [44] . However, in some cases such as Sudan, Elbagir (1998) [40] found no rural-urban differences.
Dyslipidemia
Dyslipidemia has emerged as an important CVD risk factor in SSA. For example, Norman and colleagues found that high cholesterol level (>or = 3.8 mmol/l) accounted for 59% of ischemic heart disease and 29% of ischemic stroke burden in adults age 30 and over. Studies presented in this section follow the NCEP Expert Panel on Detection Evaluation and Treatment of high blood cholesterol in Adults (ATP III) criteria. The prevalence of dyslipidemia, especially cholesterol has been shown to vary across regions in SSA.
In a study of healthy workers in Nigeria, 5% of the study population had hypercholesterolemia, 23% elevated total serum cholesterol, 51% elevated LDL-cholesterol and 60% low HDL-cholesterol, with females recording better overall lipid profiles. Population-based studies in Tanzania and Gambia also showed elevated total serum cholesterol level of >5.2 mmol/l in up to 25% of people age > 35 years [17, 45] . Elevated cholesterol was more prevalent in urban than rural areas in the Gambian study. A Nigerian study among diabetics also demonstrated high prevalence of dyslipidemia among type 2 diabetics [46] . Results of a study comparing healthy people and type 2 adult diabetics showed significant association of triglycerides and HDL-cholesterol with advancing age, female gender, obesity, physical inactivity and inadequate glycemic control [47] . In a hospital study in Kenya, elevated levels of total cholesterol and triglycerides requiring therapeutic intervention were noted in type 2 diabetic patients with no obvious chronic complications [48] . While a study of more than 1,500 participants representative of rural and urban Cameroon found that hypercholesterolemia was almost non-existent where the prevalence of high cholesterol was <1% in rural areas and <3% in urban areas [49] .
In a study of 248 diabetic patients attending a hospital in an urban community in Ghana, the distribution of dyslipidemia were as follows: 45% had total cholesterol above 5.2 mmol/L, 30.5% had HDL-cholesterol below 1.03 mmol/L, and 72.4% had high LDL-cholesterol. Thus, prevalence of abnormal cholesterol levels among the diabetic patients was high [50] . A community-based study of healthy adults in Port Harcourt, Nigeria, found that more than 30% of the 92 participants had elevated LDL-levels. Additionally, LDL and total cholesterol increased with increasing social-class [51] . More studies that link lipid levels to cardiovascular outcomes are needed to further establish this relationship in SSA.
The Socio-cultural Context of CVD Risk in SSA While understanding the burden of clinical CVD risk conditions is an important first step towards addressing the epidemic of CVD in SSA, it is also important to understand the contributing and competing socio-cultural context and related lifestyle beliefs and behaviors associated with the burden of these clinical risk factors and eventual poor cardiovascular outcomes.
Globalization, Socio-economic factors and CVD
For the purpose of this overview, we use the following definition of globalization developed by Chapman 2009, "a process characterized by the growing interdependence of the world's people, involves the integration of economies, culture, technologies, and governance" [52] . While globalization has resulted in many positive outcomes for SSA, such as increased access to technology, it can also have a negative effect. The blurring of geographic boundaries, urbanization, increasing gaps between rich and poor, improved transportation moving more people to urban centers and in turn decreasing physical activity, importation of other countries failures (i.e. Western/fast food), and increasing cost of health care goods such as pharmaceuticals has had a deleterious effect on the health of those in SSA [52] .
Socio-economic stressors are also increasingly being recognized as major contributors to cardiovascular risk. Existing data suggests that communities in SSA currently live with a variety of psychosocial stressors including urbanization and poverty [53] [54] [55] [56] . These stressors may significantly contribute to the rise in the burden of cardiovascular morbidity and mortality rates in SSA.
Poverty-related stressors
Previous studies conducted elsewhere have found that chronic poverty-related stressors, such as inadequate housing, water, sanitation, crowding, crime, air pollution, environmental conditions, low education, job insecurity, unemployment, and transportation needs, are potent predictors of poorer perceived health status [57] [58] [59] . In SSA, emerging data are beginning to show a link between some of these stressors and poor health outcomes. For example in Khayelitsha, South Africa, BeLue and colleagues (2008) [53] found that among young mothers the predictors of perceived stress include chronic poverty-related community stressors and unsupportive relations. In particular, potable water, lack of help, and unemployment of partners were found to be significant predictors of perceived stress. Another study conducted in rural Easter Cape by Mfeyana et al. (2006) [60] found that high socioeconomic deprivation, including educational level of the population, access to electricity, clean water, and refuse disposal, were consistent demographic predictors of poor health. Also in Nairobi, Kenya, Gulis et al. (2003) [61] found that environmental conditions can have major influences on health status.
Urbanization
One major psychosocial stressor shared by many people living in SSA is urbanization. Available literature suggests that 'the exploding growth of cities' often resulting in mega-slums in many parts of SSA may substantially lead to deterioration in the health and well-being of people due to poor quality of urban housing, sanitation issues, and limited access to efficient health care systems, as well as mobility/transportation stress [54] . Existing studies have shown that urbanization plays a significant role in increasing the burden of cardiovascular disease. [63] explored the contributions of urbanrural and socioeconomic gradients on hypertension in West Africa and found that urbanization and economic transitions were among the forces apparently driving the emergence of hypertension in West Africa. In particular, Kaufman et al. (1996) [64] found that hypertension prevalence increased across the gradient from rural farmer to urban poor to railway workers: 14, 25, and 29 percent, respectively. Several studies in South Africa found that participants who spent a longer period of their life in urban areas were more likely to be hypertensive [32] and women in particular were more likely to smoke [65] .
Lifestyle Factors and CVD Risk
Understanding modifiable lifestyle factors such as weight status and substance use is key to making progress toward curbing the CVD epidemic in SSA.
Overweight/Obesity
Overweight/obesity is a major and well-known modifiable risk factor for CVD. The prevalence of overweight and obesity is growing in SSA, while the competing epidemic of malnutrition still exists [66] [67] [68] [69] . Studies cited in this section typically use body mass index (BMI) and waist-tohip ratios as a continuous measure or use cut-offs established by the WHO; however, proper cut-off for BMI and anthropomorphic measures may need to be established for SSA [70] .
Abdominal obesity or increased waist-to-hip circumference puts one at particularly high risk for CVD. For example, in a meta-analysis of obesity among West African populations, the prevalence of obesity was 10.0% (95% CI, 6.0-15.0) [71, 72] . A study in Benin [73] found that abdominal obesity was positively associated with increased probability of metabolic syndrome. Abdominal obesity also proved to be an important risk factor for heart failure among adults in Congo, where adults with increased waist-to-hip ratios had increased risk of heart failure [74] .
Across many sub-Saharan African countries, obesity has been linked to both urban residence and wealth -the more wealth a person has, the more likely he or she is to be overweight or obese due to nutritional transition [73] , transitions in energy expenditure due to urbanization [75] and other unknown factors [76] . Results from a study by Sobngwi et al (2004) [64] , which explored the effects of lifetime exposure to an urban environment in Cameroon in relation to obesity and other cardiovascular risk factors, found that urbanization is associated with a drastic decrease in physical activity and changes in dietary habits. According to the authors, lifetime exposure to urban environment was associated with increased BMI (ρ = 0.42; P < 0.0001). Other studies have shown that obesity in rural areas is also increasing. Fezue and colleagues (2008) [77] found that over a 10-year period, there was a statistically significant increase in obesity (54% for women and 84% for men) in some rural areas in Cameroon. In urban areas, there was no significant increase in obesity rates, but there was an increase in waist circumference. Similarly, a study among rural and urban residents in Kenya found more than a 2-3-fold difference in percent overweight (approximately 40% versus 16%) obesity (approximately 16% versus 5%) among urban and rural residents respectively [78] .
Throughout SSA, gender disparities exist in overweight/ obesity [70, 79] . Women are disproportionately affected by overweight/obesity status compared to men. The prevalence of obesity in urban West Africa more than doubled (114%) over the past decade, and this increase in prevalence was accounted for almost entirely by women [33] . In South Africa, Dugas and colleagues (2009) [80] found that among a sample of young adults in a peri-urban settlement, approximately half of the women were overweight or obese (mean BMI 31.0 kg/m); however, none of their male counter parts were overweight (mean BMI 21.6 kg/m). A study in Tanzania found that women have 4.5 the odds of being obese and are more than three times as likely to have a high waist-to-hip ratio compared to men [45] .
Preferred body image may also be a factor in obesity among women in SSA. For example, a study by Holdsworth and colleagues (2004) [81] found that Senegalese women preferred overweight BMI to normal BMI. Holdsworth (2006) [82] also found that Senegalese women had adequate knowledge about obesity as a CVD risk factor yet needed additional education on the role of fruits and vegetables in reducing weight and BMI. Duda and colleagues (2007) [83] found similar results in a sample of Ghanaian women. However, another study by Duda et al in Accra, Ghana in 2006 [84] found that overweight women would be willing to reduce their body size in order to improve their health status.
Although it appears that affluence and excess consumption may cause obesity in the sub-Saharan African context, on the opposite end of the socio-economic spectrum, food insecurity may also play a role in obesity. Studies elsewhere suggest that food insecurity is positively associated with overweight in women [85] . Chaput and colleagues [86] found that food insecurity is a significant predictor (crude OR = 2.5) of over weight status (BMI > = 25) among women in Uganda but not in men. However, after accounting for socio-economic factors such as household income, food security no longer predicted overweight status, suggesting that socio-economic status may explain the relationship. In sum, women of all socio-economic strata in SSA are at risk for overweight and obesity, albeit through differing mechanisms that require further investigation.
Alcohol, Tobacco and CVD Risk
Substance use disorders and CVD are often comorbid. Alcohol and tobacco smoking is a risk factor for heart failure, ischemic stroke, heart disease, and acute myocardial infarction. A study by Ormel et al (2007) [87] examining the global burden of comorbid substance abuse, found that Nigerian patients with alcohol dependency were two times more likely to have comorbid heart disease compared to Nigerians who did not suffer from alcohol abuse. Similarly, in Nigerian patients being seen for heart failure treatment in a teaching hospital in Jos Nigeria, more than 24% of heart failure patients reported regular alcohol intake [88] .
Alcohol consumption is also correlated with increased risk for glucose intolerance (GI) and diabetes. Puepet and colleagues (2008) [89] conducted a study to identify risk factors for type 2 diabetes in Jos, Nigeria, and found that alcohol consumption was highly prevalent in a random sample of 250 households. More than 50% of patients consumed alcohol regularly. In a study in a community dwelling of urban and rural participants in Kenya, it was found that excess alcohol consumption was related to increase likelihood of glucose intolerance by almost 4-fold (OR = 3.93, p < 0.0001) among men. This relationship did not hold for women (OR = 1.07) [90] . Gender differences in alcohol consumption have also been found in relation to heart failure. In a prospective cohort study among 320 Cameroonian adults, alcohol consumption was related to increased probability of cardiovascular death and all-cause death. Alcohol consumption was a factor for male participants (p < 0.001) but was not significant for female participants [10] .
In a population sample in South Africa, cardiovascular incidents ranked second only after injuries for deaths attributable to alcohol [91] . Furthermore, Schneider and colleagues (2000) [92] showed that in South Africa, alcohol and tobacco use are related to poverty and low socioeconomic position, whereas other cardiovascular risk factors such as physical inactivity are more common in wealthy populations. Overall, alcohol consumption is a risk factor for poor cardiovascular outcomes in SSA. Furthermore, it appears that gender and socio-economic position may moderate the relationship between alcohol use and CVD.
Tobacco use remains one of the most serious epidemiological risk factors in terms of prevalence of coronary artery disease [93] and smoking prevalence is increasing among men and women in SSA. A review of tobacco use and smoking research showed that males are more likely to smoke than females, and older males (age [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] are more likely to use tobacco products than younger males. The prevalence of smoking also increased among women with age [94] . A study by Seck et al. (2007) [95] found that among patients entering the hospital for MI treatment in Dakar, 40% of were smokers. In a hospital-based sample of 202 diabetics in Ethiopia, approximately 20% were smokers, all of whom were males [96] .
In sum, men and those living in low socio-economic contexts are at increased risk for developing CVD and suffering poor CVD outcomes due to alcohol and smoking behaviors.
Systems Level Issues Government Entities and Cardiovascular Risk Reduction
The involvement of country governments on both national levels and local jurisdictions is necessary to curb the emerging epidemic on CVD in SSA. Lack of awareness or misconceptions of cardiovascular risk factors, such as the belief that diabetes is a result of excess sugar intake, and limited knowledge of the appropriate dietary composition for a healthy diet contribute to increased CVD risk and subsequent morbidity and mortality. Lack of awareness of cardiovascular risk factors has been associated with lack of national programming for NCDs [97] . Widespread health education and awareness campaigns are needed to address these issues [98] .
Access to Care
Despite the insurmountable cardiovascular risk burden, it is important to note that healthcare systems in many parts of Africa are designed to treat acute communicable diseases, rather than preventable NCDs [5] in part due to resources [22] . As a result, equity in terms of access to health care is constrained by the fact that patients with cardiovascular risk burden make significant demands on already scarce health resources.
The healthcare system in SSA is often challenged by lack of sufficient resources to provide adequate patient care. Both lack of institutional resources and up-to-date practical information for healthcare providers often jeopardizes patient care [99] . A review by Motala (2002) [100] noted that the increasing diabetes trends in Africa are influenced by inadequate health care infrastructure, inadequate supply of medications, and lack of available healthcare facilities and providers. Issues such as lack of protocols for diabetic complication evaluation and monitoring, little or non-existent referral systems, inadequate health facilities, and absence of multidisciplinary diabetic care teams also make diabetes care difficult [101] .
Among diabetes patients in Mozambique and Zambia, patients in need of insulin were faced with the high cost of the medication when available but were also faced with lack of availability of insulin when needed [102] . Similarly, Whiting and colleagues (2003) [101] noted that the contextual, clinical, and health systems challenges to the delivery of health care for diabetes in Africa is influenced by several factors, including poor patient attendance at health clinics, short consultation time with physicians (leaving little or no time for patient education), inadequate staff, limited staff training, poor control of blood glucose and blood pressure, inadequate referral systems, and almost non-existent patient education.
Rural settings pose even a greater challenge, where there are few providers to serve the population and where distance to facilities is greater thereby increasing transportation costs [103] . Watkins et al. (2001) [104] suggest that the management of chronic disorders such as diabetes in rural African communities could be improved by decentralizing care to local village healthcare facilities to improve access to treatment and reduce mortality. This proved to be effective in improving diabetes control in a rural Ethiopian village. Watkins also suggested implementing strategies to track non-attenders in cases where healthcare is centralized to a far away location. Gil et al.
(2008) [37] attributed lack of glycemic control among diabetics in rural Ethiopia to geographically scattered populations, shortage of drugs and insulin. Also, a lack of diabetes team care is a major factor behind these serious issues of diabetic control and complications.
Addo et al. (2007) [22] suggest that a significant portion of hypertension-related morbidity and mortality rates may be influenced by "low levels of detection, treatment, and control". In a hospital-based sample in Ghana, approximately 93% of hypertensive patients were noncompliant. Among those patients, 96% were non-compliant because of the cost of anti-hypertensive medication [105] . Thorogood and colleagues [106] found that in rural area of Nigeria, treatment of hypertension is often hindered by lack of medication and BP testing supplies. In many cases, traditional healers are sought due the lack of affordability and access to biomedical care and medications [107, 108] .
Traditional Healers and CVD risk
The role of traditional healing practices and practitioners in health care delivery in SSA cannot be ignored. For example, in Ghana, traditional healers have been incorporated as providers into their National Healthcare Delivery System [109, 110] . Traditional and faith healers are often sought after to care for diabetes [111] , hypertension [112] or adverse CVD outcomes such as stroke [113] .
As stated earlier, due to cost of biomedical care and medications, traditional and faith healers often offer more accessible and affordable services. Additionally some healers offer a "cure" for diabetes or hypertension, which gives the patient the hope of eliminating any future burden related to his or her condition. For example, a study among traditional healers in the northern province of South Africa indicates that traditional and faith healers prescribe cures for diabetes patients, as opposed to treatment or management, and in fact, believe that diabetes can be reversed or cured [114, 115] . It was further reported that many community health workers believe in traditional medicines and home-brewed beer as the best treatment for hypertension and that people who receive medical treatment become sicker and their health deteriorates rapidly. These healing practices are a representation of cultural beliefs, which influence health behaviors and serve as a framework for interpreting disease conditions.
The Intersection of Culture and CVD risks
Culture shapes health behaviours and serves as the lenses for perceiving and interpreting experiences [116] [117] [118] . Understanding the cultural framework by which disease is interpreted and managed is critical for devising lifestyle change strategies for sub-Saharan African populations. For example, interpretation of diabetes symptomology, names for diabetes and self-management of diabetes, is often interpreted through an indigenous framework. Degraft Aikins (2004) [119] found that members of the Akan ethnic group refer to diabetes as 'sugar disease' in Twi language. Similarly, Awah [120] and colleagues (2009) found that among 72 patients with diabetes, there were multiple indigenous labels for diabetes, which translate to phrases such as 'sugar, sugar sick' or illness that originates from "too much sweet things". These indigenous names also change through time. Furthermore, some participants in this sample attributed the cause of diabetes to a curse or witchcraft [120] . In a South African medical center, Kagee (2007) [121] interviewed patients with hypertension and found that patients may attribute the cause of hypertension to psychological states such as anger. Lifestyle interventions and education programs should account for local interpretations of disease origins and names in order to be effective. While some traditional practices or interpretations may seem different, examining the socio-cultural context within which such practices take place provides better insight. In addition, the role of family is essential in designing and implementing sustainable interventions in SSA.
The role of Family in Cardiovascular Risk Reduction
An African proverb compared the African family to a forest: "If you are outside, it is dense, if you are inside you see that each tree has its own position" (Akan, Ghana). This description is accurate in reflecting the role of the family in health decisions and behaviors. Airhihenbuwa [122] wrote that a person's identity is affirmed by his or her family, and one acting as an individual within the African context is a no person.
Research has shown that individual-based approaches to behaviour change are inadequate in non-Western contexts, such as Africa [123, 124] . Therefore behavior changes interventions aimed at reducing cardiovascular risk factors should consider the role of culture and family in behavior change support for at-risk family members. As discussed below, one area in which the role of the family is essential to intervention efforts is effective dietary management (food intake).
Food and Culture in Cardiovascular Risk Reduction
Nutrition is essential in effective management of CVDs. Unfortunately, much of the research on food intake within the African context has focused extensively on nutritional components [125] , dietary intakes, [126] poverty, and urbanization [62, 63] , without any attention to the socio-cultural context of food intake. Similar to other cultural activities in the African context, food intake is a cultural activity that goes beyond the physical consumption to defining relationships and cultural identity. Fajans (1988) [127] , described food as having "transformative value" because it serves as an agent in generating, enacting, and perpetuating social and cultural processes. For example, among the aLunda in Zaire [128] kinship relations are often expressed through metaphors of eating. Food (either cooking or sharing, [129] ) becomes an important way to contextualize relations and connectedness in a culture in ways that could inform sustainable intervention beyond the physical ingestion.
In line with this, intervention efforts should be sensitive to the socio-cultural contexts of communities, as "'seen" through the lenses of the community members and anchored in the realities of the communities. Cultural models, such as the PEN-3 model, allow researchers to assess the various factors that impact cardiovascular health, thereby "seeing" the health issue through the community lenses, and intervene, if necessary at multiple entry points. The PEN-3 model was developed as a thinking tool-kit in addressing health behaviors of people of the African descent and has been used in various prevention and intervention efforts [123] . By outlining an approach that examines health beliefs, decisions and behaviors within the context of culture, the model seeks to empower communities through their intrinsic positive and unique qualities so that culturally appropriate interventions can be planned, implemented and evaluated [122, 123, 130] . The model stresses the importance of involving the community, culture and people of interest in the dialogue, otherwise change will not be sustainable.
The PEN-3 model consists of three interrelated domains; relationships and expectations, cultural empowerment, and cultural identity. Each of the domains consists of three components (see Figure 1 ). The first two domains, relationships and expectations, and cultural empowerment serve as the assessment tool-kit to inform the intervention, while the last domain, cultural identity, determines the point of entry or entries for intervention. In assessing the nature of the health issue and the sociocultural context of the community, the first two domains are cross-tabulated in a 3 × 3 table (see Table 2 for an example of food intake/choices assessment). This is to ensure that the intervention is in harmony with the practices of the people, thereby increasing its effectiveness. Then, using the last domain, cultural identity, the decision is made regarding the intervention point of entry or entries: person, extended family and/or neighborhood (i.e. community including entities such as the health care system). The idea is that the intervention should not focus on just the individual but rather on the context and community within the person functions.
The PEN-3 model provides a framework for researchers to understand the dynamics of CVD within African context.
Sub-Saharan Africa is enormously diverse in people (ethnic and racial groups), culture, and socio-economic conditions. Since the PEN-3 model serves as a thinking tool to address issues among diverse contexts and cultural settings, the model can be used as a way to inform interventions and policies for CVD risk treatment and prevention in a variety of local SSA contexts.
Concluding Comments
This paper discusses the relation between socio-cultural factors and CVD risk. The epidemic of CVD in SSA is driven by multiple factors working collectively. Lifestyle factors such as diet and smoking contribute to the increasing rates of CVD in SSA. Some lifestyle factors are considered gendered in that some are salient for women and others for men. For instance, obesity is a predominant risk factor for women compared to men, but smoking still remains mostly a risk factor for men. Additionally, structural and system level issues such as lack of infrastructure for healthcare, urbanization, poverty and lack of government programs also drive this epidemic and hampers proper prevention, surveillance and treatment efforts. Furthermore, cultural interpretations of illness may affect care seeking and management.
This paper also has several limitations. Again given the diversity of SSA, we cannot generalize our comments to all of SSA. Although we provide a general overview of sociocultural issues and CVD risk, the relation between the two may differ among the varying cultures and contexts in SSA. Also, many SSA countries are not represented in the current literature on CVD risk. Where data exists, there is limited information, or research studies on cardiovascular disease and related risk factors.
Increased surveillance efforts and research to further illuminate the etiology, sociology and epidemiology of cardiovascular risk and disease in SSA is needed. While we recognize that ongoing surveillance and data collection is necessary to monitor the epidemic, research alone will not suffice. The development of strategies, programs and policies for reducing cardiovascular risk in order to prevent new cases of CVD and worsening of current cases is urgent. Policy, public health and health care efforts to curb this epidemic may be enhanced by incorporating a socio-cultural approach. The PEN-3 Model Figure 1 The PEN-3 Model. 
